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Currently, urological surgeons in�uenced by the pre-
dominance of American urologists in this field have little
or no place for the use of imaging modalities in deter-
mining whether a patient is suitable for radical prosta-
tectomy with curative intent. They have endeavoured by
combining clinical parameters to identify low, intermedi-
ate and high risk groups of patients for extra-capsular
and possibly metastatic spread. There is acknowledge-
ment that all of these scoring systems are limited and a
concern that the optimal management of prostate cancer
remains elusive, as 5-year biochemical failure rates for
the surgical gold standard of radical prostatectomy
range anywhere from 27% to 57%.

Solace is taken in the fact (based on one study) that
there appears to be an 8-year gap between evidence of
biochemical progression and objective metastatic dis-
ease. Currently the relative localization of the disease is
based on:

(a) digital rectal examination;
(b) PSA value; and
(c) histology (principally the Gleason grade)

In crude terms no radiological imaging is considered
necessary in patients with a PSA less than 10, a Gleason
score less than 6 and a digital rectal examination that
defines a T2a or b lesion.

There are tables, linking PSA digital rectal exami-
nation and the Gleason score; the most in�uential being
the tables of Partin who used a multi-nominal log linear

regression technique developing nomograms from a
cohort of 4133 men and this is recommended as a
method of counselling individual patients and with this
score a probability of predicting pathological stage to
within 10% was said to be 72.4%.

The question posed, therefore, is can imaging of the
prostate, its immediate surroundings, including the
capsule and seminal vesicles, and the local lymph nodes
improve or refine staging better than those obtained by
these three crude parameters?

Questions
(1) Can T2-weighted MRI images with supplementary

tranverse axis scans together with coronal and sagi-
cal scanning enhance local staging accuracy and,
importantly, demonstrate extra-capsular extension?

(2) How effective is CT scanning in distinguishing pros-
tate cancer from benign conditions and demonstrat-
ing, reliably, extra-capsular penetration or seminal
vesical invasion?

(3) What use is CT scanning in the identification of
pelvic and peri-prostatic lymphadenopathy?

(4) What is the role of examining the bones in prostate
cancer? Should radio-nuclear type bone scans be
supplemented by MRI scans?

(5) Do MRI scans have a role in identifying lymph-
adenopathy or is radio-immunoscintigraphy more
reliable?

MR imaging of prostate cancer
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Introduction

The prostate continues to be the leading cancer site
among American men with 184 500 new cases in the

USA accounting for 29% of new cancer cases in men[1].
It has been estimated that 39 200 men in the USA died
of prostate cancer in 1998. This makes prostate cancer
the second cause of cancer-related death in men[2,3].
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Furthermore, the probability of developing prostate
cancer from birth to death is 20%[3]. Treatment selection
is dependent on patient age and health, cancer stage and
grade, morbidity and mortality of treatment, as well as
patient and physician preference. The mainstay for
organ-confined disease is either radical surgery or cura-
tive radiotherapy[4,5]. This is only considered an option
in the absence of seminal vesicle infiltration (SVI),
extension through the prostatic capsule (extra-capsular
extension, ECE) or metastatic disease. Therefore, the
purpose of staging is the possible detection of extra-
prostatic disease. Clinical staging by digital rectal exami-
nation (DRE) and Prostate Specific Antigen (PSA)
remains as yet inaccurate. Imaging modalities such as
transrectal ultrasound (TRUS) and MR imaging can be
used to increase staging accuracy. This review deals with
the current possibilities and limitations of MR imaging
in the staging of prostate cancer.

Clinical staging methods
Accurate staging of prostate cancer is important, be-
cause treatment decisions are mainly based on the local
extent of prostate cancer (ECE, SVI) and the presence
of metastatic disease (lymphatic or haematogeneous).
Digital rectal examination (DRE) is not an accurate
staging method, as there are no gross characteristics that
are reliable for distinguishing benign from malignant
nodules[6]. Furthermore, the interobserver agreement
among urologists for detection of prostate cancer by
DRE is only fair[7]. Data accumulated from carefully
examined prostatectomy specimens revealed that DRE
underestimates the local extent of cancer in 40–60% of
the cases[8,9]. PSA is the most accurate marker to screen
for prostate cancer, but has limited accuracy in staging
because there is a substantial overlap in PSA-
concentrations and pathological stages. Nevertheless,
the combination of serum PSA concentration and other
variables such as tumour grade, volume and clinical
stage, significantly enhance the predictive value of serum
PSA for the pathological stage[10,11]. The probability of
ECE, SVI and nodal involvement can be predicted by
using the normograms of Partin[10] that use clinical
stage, Gleason score and serum prostate specific antigen
(PSA).

MR imaging
MR imaging of the prostate is still in an exploratory
phase and this technique is not yet advocated as a
routine staging procedure. Prostate MR imaging should
be performed in centres where at least 25–50 patients per
year are examined and the results can be compared with
histology, preferably a whole mount specimen[12]. Cur-
rently, the major clinical indication for MR imaging
is detection of ECE, SVI, nodal and bone marrow
metastasis, which are contraindications for radical
prostatectomy[13]. Prostate cancer is usually visible as a
low signal intensity lesion in a bright peripheral zone on

a T2-weighted image (Fig. 1). The differential diagnosis
of low signal intensity areas includes cancer, haemor-
rhage, prostatitis, effects of hormonal or radiation
treatment, benign prostate hyperplasia (BPH), scar,
calcifications, smooth muscle hyperplasia and fibro-
muscular hyperplasia[14]. Haemorrhage, mostly a result
of biopsy, can be differentiated from cancer by evalu-
ation of T1-weighted images. Haemorrhage is hyper-
intense on these images, whereas cancer has the same
intensity as adjacent normal tissue. Benign prostate
hyperplasia, smooth muscle hyperplasia and fibro-
muscular hyperplasia is located mostly in the central
zone (CZ) and transitional zone (TZ), whereas cancer is
primarily located in the peripheral zone (PZ). Calcifi-
cations are common in all locations of the prostate;
however, these may be differentiated from cancer based
on their distinct oval form. Scars are rare. Detection of
cancer in the CZ and TZ is generally not possible, as this
area is commonly replaced by BPH, which has an
identical signal.

Staging

Several MR imaging criteria for ECE have been used.
Table 1 presents commonly used criteria for ECE with
its specificity and sensitivity. Most frequently used
criteria are asymmetry of the neurovascular bundle,
obliteration of the rectoprostatic angle and bulging of
the prostate capsule (Fig. 1). SVI is detected by an
abnormal asymmetric low signal intensity within the
lumen on T2-weighted images (Fig. 2)[15]. It should be
noted that amyloid deposits, stones or blood could also
cause low signal intensity of the seminal vesicles on
T2-weighted images[14–17].

In staging MR imaging should have a high specificity
for periprostatic extension, to ensure that only few
patients will be deprived of a potentially curative
therapy[18]. Sensitivity for periprostatic extension is of
minor importance, because even a low sensitivity is an
improvement in clinical staging[18]. MR imaging is con-
sidered cost-effective if performed in a subgroup of
patients with a prior-probability of ECE of at least 30%,
that is a PSA >10 or a Gleason grade >7[19].

The initial accuracy in 1990 for the staging of prostate
cancer with MR imaging was 69%[20]. Since then the
most prominent change was the development of an
endorectal coil (ERC), which resulted in faster imaging
and improved spatial resolution. Accuracy for ECE with
the ERC has shown a wide range between 58 and
90%[21–24]. Several reasons for this wide range can be
given. First, due to the rapidly developing MR imaging
technique, different studies used different imaging
protocols. Second, due to inexperience with this new
method, considerable interobserver variation may be
present. A third important reason is, that different
studies use different criteria for ECE (Table 1) resulting
in different accuracies. Although this variation remains,
the use of an ERC is considered to be an improvement
of the conventional MR-examination[23–25]. Although
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major developments have changed the MR imaging
technique, it still remains impossible to detect micro-
scopic ECE[20,22,26,27]. The detection of SVI is generally
not a problem using the ERC: accuracies range between
81% and 96%[21,23,24,26] (Fig. 2). T1- and T2-weighted
images should be acquired at least 2 weeks after
the prostate biopsy as haemorrhage decreases staging
accuracy[28].

Besides its role in staging, MR imaging is useful in
reducing the number of false-negative prostate biopsies
in patients with elevated PSA and repeated negative
(TRUS guided) biopsies (Fig. 1). With MR imaging
prostate cancer can be detected and then an MR-
directed biopsy can be performed. Using MR imaging as
a method to detect cancer lesions in a group of 36

patients with negative biopsies and elevated PSA-values,
an accuracy of 78%, a positive predictive value of 74%
and a negative predictive value of 84% was achieved[29].

In summary, the role of MR imaging in local staging
is not yet clearly defined, however, it is considered to be
cost-effective in a select group of patients. SVI can be
detected with high accuracy, which is an advantage in
comparison with TRUS alone.

Metastatic disease
CT and MR imaging are reported to be the most
accurate non-invasive methods of detecting pelvic lymph
node metastases. Scheidler et al.[30] concluded that CT
and two-dimensional MR imaging perform similarly in
the detection of lymph node metastasis, with a trend
towards an improved accuracy of MR imaging. There-
fore, both MR imaging and CT are recommended,
because unlike LAG they are non-invasive. A recent
study using MR imaging with a three-dimensional tech-
nique has revealed an accuracy of 90%, a positive
predictive value of 94% and a negative predictive value
of 89% in the detection of nodal metastasis in bladder
and prostate cancer[31]. This is clinically relevant because
a high detection accuracy of nodal metastasis can facili-
tate the indication for (MR-guided) biopsy[32], which in
case of a positive biopsy can avoid an invasive pelvic
lymph node dissection. The multiplanar reconstructions

Figure 1 Patient with prostate cancer with minimal extra-capsular invasion. (A) T2-weighted axial TSE image
obtained with endorectal coil (Medrad, Pittsburg, USA). Large benign prostatic hypertrophy of central zone shows
mixed signal intensity. Tumour (circle) is clearly visible as low signal lesion in high signal peripheral zone. There is
minimal bulging of capsule (arrows). (B) Whole mount section revealed minimal capsular invasion at this site.

(A)

(B)

Table 1 Criteria to predict extra capsular extension of
prostate cancer

Criteria for capsular penetration Ref Acc Spec Sens PPV

Assymetry of neurovascular bundle [61] 70% 95% 38% —
Obliteration of rectoprostatic angle [61] 71% 88% 50% —
Bulge [40] 72% 79% 46% 28%
Overall impression [40] 71% 72% 68% 32%
Extra-capsular tumour [40] 73% 90% 15% 34%

Acc=accuracy; Spec=specificity; Sens=sensitivity; PPV=positive
predictive value; —=no data available.
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obtained with this technique allow the evaluation of not
only nodal size but also nodal shape. This is important
because the cut-off point between normal and metastatic
nodes differs for round and oval nodes. The smallest
lymph node diameter that can be detected by this
method is 2 mm. Different sensitivities and specificities
are acquired depending on the selection of cut-off
size[31,33,34]. In our department, we use a minimal axial
diameter of 8 mm for round nodes and 10 mm for oval
nodes as the upper limit of normal.

Because of the high cost CT and MR imaging in
detection of nodal metastasis should only be performed
in a selected group of patients with high risk for nodal
metastases, which can be predicted by DRE, PSA and
biopsy Gleason score[10,31,35].

Haematogeneous metastases are most common in the
axial skeleton. Currently, the mainstay for the detection
of bone metastases is a radionuclide bone scan. How-
ever, it is well known that bone scans can yield false-
negative findings, especially in cases of very aggressive
metastases. Furthermore, the technique has a high false-
positive rate mainly due to degenerative disease, healing
fractures and various metabolic disorders and their
complications (e.g. osteoporosis and osteomalacia). It
has been demonstrated that bone scintigraphy seems to
be unnecessary in the evaluation of newly diagnosed,
untreated prostate cancer with no clinical signs of bone
pathology and serum PSA levels of <10 ng/ml[36]. In
patients with an elevated PSA (>10 ng/ml) or with
locally advanced tumours, bone scans are considered
to be worthwhile for detecting both asymptomatic and
symptomatic metastasis. MR imaging is more sensitive
in detecting bone marrow metastases than radionuclide
bone scanning[37]. Therefore, MR imaging can be useful

in the evaluation of patients suspected of having verte-
bral metastases with equivocal or negative bone scans.
Thanks to its high spatial resolution MR imaging may
also guide needle biopsy procedures. Plain radiographs
are the least sensitive in evaluating the axial skeleton for
metastases. Fifty per cent of bone mineral content must
be altered before there is evidence of metastases is
visible.

In summary, MR imaging has a major role in detect-
ing nodal and bone marrow metastases in patients with
bladder or prostate cancer with high risk for metastatic
disease.

Future developments

Fast dynamic imaging

Recent developments in MR imaging include contrast-
enhanced fast dynamic MR imaging and magnetic
resonance spectroscopy (MRS). Because of typical tu-
mour enhancement characteristics, tumour tissue can be
differentiated from normal tissue by fast dynamic
contrast-enhanced MR imaging. On contrast-enhanced
MR imaging prostate cancer shows a typical early and
rapidly accelerating enhancement compared with nor-
mal tissues[38–40] which can be used to detect the tumour,
and to evaluate ECE or SVI. Other fields where dynamic
MR imaging may have a potential role are therapy
monitoring and the prediction of therapy success of
systemic therapy of prostate cancer[40]. Current prob-
lems with dynamic MR imaging of prostate carcinoma
involve the large variation in enhancement patterns
among patients with prostate carcinoma and the
overlapping enhancement pattern of BPH[41]. As the

(A) (B)
Figure 2 Patient with prostate cancer and invasion of left seminal vesicle. (A) T2-weighted axial and (B) sagittal
TSE images show abnormal low signal intensity in left seminal vesicle (arrows). Confirmed by histology.
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differences in enhancement between carcinoma and
normal prostate or BPH may be minimal, fast sequences
should be applied. In our institution we use a time
resolution of 2 s. With this resolution information seven
slices can be obtained.

MRS
Image-guided proton MRS (1H MRS) is a technique
providing metabolic information about the prostate
gland, which may be used for in-situ characteriz-
ation, diagnosis and therapy evaluation of prostate can-
cer. Although the examination is comparable with MR
imaging, the spatial resolution is lower (down to 0.24 cm3

has been reported for the prostate)[42] and the information
obtained is related to metabolites rather than anatomy. It
has been shown that prostate cancer is characterized by a
decreased level of citrate and an increased level of (phos-
pho)choline[43]. Especially in the PZ, tumour tissue can be
identified by an increased choline/citrate (or choline+
creatine/citrate) signal-ratio[43,44]. Correlations have been
reported between metabolite ratios and the histological
grade in human prostate cancers[56]. The addition of 1H
MRS to (dynamic) MR imaging can improve tumour
visualization and spatial extent[42,46]. Potential areas of
prostate cancer management that may benefit from the 1H
MRS information include targeted TRUS guided biopsies
for patients with PSA levels indicative of cancer but also
negative previous biopsies, therapy monitoring (watchful
waiting) and guiding focal prostate cancer therapies[47].

Nodal staging
An important limitation of CT and MR imaging in the
evaluation of nodal metastasis is that both imaging meth-
ods depend on enlargement of lymph nodes as a criterion
for metastasis. The problem is that metastasis may also be
present in normal sized nodes, thus causing low sensitivi-
ties (75–78%)[31,34] by not recognizing metastasis in
normal-sized nodes. A solution to this problem may be
the use of lymph node-specific MR-contrast agents. New
MR contrast agents with ultrasmall superparamagnetic
iron oxide particles are currently under investigation. In
normal lymph nodes with functioning macrophages the
iron oxide particles are phagocytosed and thereby de-
crease the signal intensity on MR imaging. Metastatic
nodes, lacking macrophages, do not take up the contrast
agent and hence show no change in signal on post contrast
images. These agents may increase sensitivity for nodal
metastasis, by detection of metastasis in normal sized
nodes. Preliminary results suggest an improved accuracy
in the detection of metastasis in normal size nodes using a
lymph node-specific MR contrast agent[48].

Conclusion
Accurate staging of prostate carcinoma is essential for
taking treatment decisions. However, pre-operative

clinical staging is inaccurate. DRE and PSA can only
provide an inexact indication of local extent. Addition
of other parameters such as number of positive biopsies
and biopsy grade improves clinical staging but is not
accurate enough to predict tumour stage in the individ-
ual patient. Therefore, imaging modalities such as
TRUS and MR imaging are needed to increase staging
accuracy.

However, these imaging methods have variable accu-
racies. A way to increase staging accuracy and to
decrease this variability may be the combination of
imaging methods. For example, TRUS may be supple-
mented with MR imaging results. In the future, it might
even be possible to fuse all imaging results: fast dynamic
MR imaging, MRS, (contrast-enhanced) TRUS and
colour Doppler in one image in order to achieve higher
localization and staging accuracy.

Currently, the major role of MR imaging is the
detection of nodal and bone marrow metastasis. In
addition to detection of metastatic disease, local staging
(ECE and SVI) can be done, which is at least as good
and potentially superior to TRUS[10,49]. The advantage
of MR imaging is that both nodal, bone marrow
and local staging can be done in one imaging session,
limiting the number of examinations and cost.

In future research cost-effectiveness should be an
important guideline when working with these ‘expensive’
imaging techniques. In this respect, detection of ad-
vanced disease by imaging and thereby the prevention of
an unnecessary radical prostatectomy should be weighed
against the cost of imaging itself and its value in
assessing the stage of tumour for the individual patient.

In a recent paper Jager et al. determined the appro-
priate use of magnetic resonance (MR) imaging for
pre-operative staging of prostate cancer[51]. They per-
formed a literature review by using the principles of
evidence-based medicine and medical technology assess-
ment. A decision analytical model was used to compare
the strategy that radical prostatectomy is performed on
the basis of clinical staging with the strategy that extra-
capsular disease detected at MR imaging contraindicates
radical prostatectomy in patients who were considered
surgical candidates on the basis of clinical staging. After
review of the literature, expert panel opinion did not
recommend MR staging. No studies in which thera-
peutic efficacy was addressed were found. However, the
decision analytical model indicated that the strategy
including MR staging decreased costs (MR imaging,
$10 568; radical prostatectomy, $11 669) and resulted in
almost equal life expectancy (MR imaging, 12.59 years;
radical prostatectomy, 12.60 years) and quality-adjusted
life-years (QUALYs) (MR imaging, 12.53; radical pros-
tatectomy, 12.52). Furthermore, results of sensitivity
analyses demonstrated that the MR strategy was both
more effective and less costly if the prior probability of
extra-capsular disease was at least 39% when consider-
ing QUALY and 50% when considering unadjusted life
expectancy.

It was concluded that it is not yet conclusively deter-
mined whether pre-operative MR staging is appropriate,
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but results of decision analysis suggest that MR staging
is cost-effective for men with moderate or high prior
probability of extra-capsular disease.

Thus it remains very important to select appropriate
patients for staging with the imaging techniques men-
tioned above. Finally, it should be mentioned that the
role of imaging, especially MR imaging and MRS, is
rapidly changing and improving and more research
needs to be done to establish its definite role.
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Challenges: pathologic correlation

Patricia Harnden

Consultant Urological Pathologist, St James’ University Hospital, Leeds, UK

The pathologist’s role in the management of patients
suspected to have prostatic carcinoma has changed
markedly in the last 20 years. Diagnostic difficulties have
increased with the advent of smaller calibre biopsy guns:
architectural patterns, which are key in the diagnosis
of prostatic carcinoma, are not so easily assessed in
these compared with the larger fragments sampled
during transurethral resections. Also, as many urologists
actively seek patients with organ-confined disease, an
increasing proportion of biopsies is performed in
younger, asymptomatic patients with low serum PSA, so
that the diagnosis of carcinoma is more often made on
limited foci. Finally, the potential consequences of a
positive diagnosis of carcinoma are much greater than
previously, as radical therapy, rather than watchful
waiting, has become a more routine option.

In terms of treatment selection, the assessment of
patients with prostatic carcinoma requires a multi-
disciplinary team approach, as no single diagnostic
modality is likely to provide complete accuracy in pre-
treatment staging. This is partly because of the anatomy
of the prostate, which is not clearly demarcated from
surrounding structures, particularly at the apex. As there
is no defined capsule, it can neither be visualized clearly

by imaging nor sampled at biopsy to assess for extra-
glandular spread. Another limitation is that, unlike most
other tumours, prostatic carcinoma does not generally
produce a mass effect with centripetal spread from a
single focus. In fact, examination of radical prostatecto-
mies has shown a high incidence of multifocality, with
diffuse infiltration of the stroma which separates benign
glands rather than obliteration of normal anatomical
structures (except in very high grade disease). As a
result, it is largely impossible to identify carcinomatous
foci on naked eye examination of the cut surface of the
prostate, underlining the difficulties faced in imaging the
gland. Another consequence of this diffuse pattern of
spread is that malignant glands can benefit from the
diffusion of oxygen and nutrients from the normal
vasculature of the prostate, reducing the need for neo-
vascularization. Although disturbances in vascular �ow
may still occur, the absence of consistent neo-
vascularization may limit the capabilities of imaging
modalities based on detecting changes in vascular den-
sity. Finally, assessment of nodal status is hampered by
difficulties in pre-operative sampling, the evidence avail-
able suggesting that nodal size is a poor predictor of the
presence of metastases.
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Because of these limitations on direct observation and
documentation of the extent of tumour spread, the
predictive power of a range of pathological parameters
has been tested through correlations with final staging at
radical prostatectomy or with patient outcome. The
earliest example of this approach was the develop-

ment of the Gleason grading system. Other parameters
investigated have included the extent of carcinoma
on biopsy and the presence of perineural invasion.
The significance of these and other factors will be
reviewed.

Planning the follow-up

Peter Whelan

St James’ University Hospital, Leeds, UK

Led again by United States practice, follow-up after
attempted curative treatment of prostate cancer either
surgically or radiotherapeutic endeavour is by PSA
alone. After much debate the definition of a raised PSA
following surgery is now >0·4 �g/l, whilst that following
radiotherapy is three successive rises above the upper
limit of normal for the assay measuring the PSA. There
is no routine utilization of any imaging modality.

Questions

(1) Should bone scans be used on a sequential temporal
basis (annually)?

(2) Is there a role for MRI in looking at the likely sites
of bone metastases?

(3) Does CT scanning differentiate the possible
recurrence locally and can it be superior to biopsy?

Prostate cancer follow-up: contribution of imaging

John A Spencer

St James’ University Hospital, Leeds, UK

The role of imaging in the follow-up of many common
cancers remains controversial due to the small evidence
base available to formulate guidelines. Prostate cancer
has an indolent course in many men who may die with
rather than due to the disease. Follow-up protocols are
dictated: (1) by the need to monitor treatment response
in metastatic or locally advanced disease; and (2) by the
risk of current disease and the likelihood of active
management of this in men without such disease. Proto-
cols within the context of research may differ from those
in routine clinical practice.

Options for follow-up include doing nothing
(responding only to emergencies and other clinical prob-
lems), regular assessment (which may be performed in
primary care or by clinical nurse specialists), PSA assay
(usually in conjunction with this) and imaging. Their
relative merits will be discussed. Follow-up imaging is

best performed with the same modality to ensure repro-
ducibility. It is now uncommon for imaging to be the
mainstay of follow-up and it is usually reserved for
assessment of clinically apparent or biochemically
suspected relapse.

Recurrent or progressive disease may be local, lym-
phatic or distant (typically skeletal metastasis). Sus-
pected local recurrence after surgery and radiotherapy
is best assessed with transrectal ultrasound which
facilitates biopsy. CT is poor for assessment of small
volume local recurrence, but valuable to confirm the
extent of bulky disease and to plan palliative radio-
therapy. It is also valuable for assessment of suspected
lymphatic and visceral recurrence which may pre-
dominantly involve the retroperitoneum and upper
abdomen with minimal pelvic disease following radical
pelvic radiotherapy.
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